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Background: Sonography is used to diagnose infantile hypertrophic pyloric stenosis, 
but little information is available about the appearance of postoperative sono-
graphs. The purpose of this study was to evaluate the morphology of the pylorus in 
association with an obstruction before and after pyloromyotomy.
Methods: Pyloric length, diameter, muscle thickness and intermuscular space were 
measured sonographically at diagnosis and daily after pyloromyotomy until discharge 
in 12 infants with infantile hypertrophic pyloric stenosis. The ratios of pyloric wall 
thickness and intermuscular space to the entire pyloric diameter were measured.
Results: The pylorus still appeared hypertrophied after pyloromyotomy on the sono-
grams. The traditional measurement of linear dimensions of the pylorus was not 
significantly changed from the preoperative values by the time of discharge, except 
for muscle thickness. The intermuscular space increased from 4.8 ± 0.8 mm preopera-
tively to 7.3 ± 2.1 mm by postoperative day 3 (p = 0.10). Lowe’s pyloric ratio at diagno-
sis was a mean of 0.32, decreasing to 0.29 on postoperative day 3 and 0.29 on the 
day of discharge (p = 0.82). The alternative pyloric ratio increased significantly by 
postoperative day 2 (0.24 ± 0.09 on day 2 vs. 0.11 ± 0.07 preoperatively, p = 0.02).
Conclusion: The pyloric ratio appears to be a reliable parameter in evaluating the 
regression of pyloric stenosis after pyloromyotomy, and also aids in the diagnosis of 
pyloric stenosis.
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1.  Introduction
Infantile hypertrophic pyloric stenosis (IHPS) is 
the most common condition requiring surgery in 
infants.1,2 The diagnosis of IHPS is initially suggested 
by symptoms such as postprandial vomiting. Physical 
examination may be diagnostic when a hard, 
hypertrophied pyloric muscle is palpable, but this 
finding varies and its detection may depend on the 
experience of the examiner. Ultrasonography is now 
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widely used to diagnose IHPS.3−6 Hypertrophy of 
the pylorus is determined by measuring the length, 
pyloric diameter and muscle thickness, although the 
diagnostic criteria using these measurements vary 
in the literature.1−5 Some authors regard the actual 
numeric values as less important than the overall 
morphology of the pyloric canal, in addition to the 
findings obtained with real-time observation.6,7 
Once IHPS has been diagnosed, Ramstedt pyloromyo-
tomy is the standard treatment.8,9 
Earlier sonographic studies showed that the 
hypertrophied features of the pylorus regressed at 
a variable rate from 12 weeks to 5 months after 
pyloromyotomy.10,11 Patients who receive pyloro-
myotomy show prompt improvements and tolerate 
full oral feeding within the first postoperative week. 
However, few investigators have described the 
sonographic changes of the pylorus in the early 
period after surgery.11 The pyloric ratio, defined as 
the ratio of the pyloric wall thickness to the diame-
ter, was reported for evaluation of the pyloric con-
dition by Lowe et al in 1999.12 The purpose of the 
present study was to evaluate the sonographic 
changes in the early postoperative period in pyloric 
morphology after pyloromyotomy for IHPS.
2.  Subjects and Methods
Twelve infants consecutively admitted to Mackay 
Memorial Hospital between July 2006 and January 
2008 with a diagnosis of IHPS were enrolled. Parents 
were asked to give informed consent for their in-
fants to be included in this prospective study, and 
the protocol was approved by the Institutional 
Review Board at Mackay Memorial Hospital. The 
diagnosis of IHPS was initially suggested by typical 
symptoms. The sonographic criteria used to diag-
nose IHPS were a pyloric muscle thickness of ≥ 4 mm, 
a pyloric length of ≥ 17 mm, and a diameter of 
≥ 14 mm.13,14 All patients were confirmed as having 
IHPS via surgical intervention and received Ramstedt 
pyloromyotomy within 2 days of sonographic diag-
nosis. Surgery was performed by either one of two 
experienced pediatric surgeons. Initial feeding began 
4 hours after surgery once the patients were awake 
from anesthesia. All sonographic examinations, at 
diagnosis and daily after the operation until dis-
charge, were performed by the same investigator 
using high-resolution B-mode ultrasonography (SA-
700A, Toshiba, Tokyo, Japan) with a 3.5-MHz curved-
array transducer. Patients were fasted for 4 hours 
before examination. The pyloric size was measured 
in both longitudinal and transverse sections, and py-
loric length, muscle thickness, diameter and inter-
muscular space were recorded (Figure). We also 
calculated two different pyloric ratios. One was 
reported by Lowe et al and was defined as the ratio 
of the pyloric wall thickness to the diameter.12 The 
alternative pyloric ratio (APR) used here was defined 
as the ratio of the pyloric intermuscular space diam-
eter to the diameter of the pylorus. The amount of 
milk ingested each day was also recorded. Full oral 
feeding was defined as 100 mL of milk/kg body weight 
daily. For statistical analysis, a paired t-test was 
used to compare changes in the measurements over 
time. A p-value of < 0.05 was considered significant.
3.  Results
Twelve patients with IHPS (11 boys, 1 girl; mean age 
30.8 days, range 22−42 days) were enrolled. All 
were term infants without perinatal insult or other 
comorbidity. The muscle thickness decreased on 
day 2 after the operation, but the pyloric length 
and diameter did not change significantly, even at 
discharge, even though all of the patients were 
able to tolerate full oral feeding (Table 1). The inter-
muscular space increased from 4.8 ± 0.8 mm preop-
eratively to 7.3 ± 2.1 mm by postoperative day 3; 
however, the change was not statistically signifi-
cant (p = 0.10). The Lowe’s pyloric ratio at diagnosis 
was a mean of 0.32, decreasing to 0.30 on postop-
erative day 1 and 0.28 on the day of discharge 
(p = 0.82). However, the APR increased significantly 
on the postoperative day 2 (p = 0.02) (Table 2). The 
average time to full oral feeding was 2.9 ± 1.5 days 
(range, 1−6 days), and the average time to dis-
charge after pyloromyotomy was 4.8 ± 2.4 days 
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Figure The dimensions of the pylorus measured on 
ultrasonography. IM = inter-muscular space; MT = muscle 
thickness; PD = diameter; PL = pyloric length.
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(range, 3−9 days). Six patients had symptoms of 
mild regurgitation after pyloromyotomy; all where 
treated conservatively. 
4.  Discussion
In this study, we found that the hypertrophic ap-
pearance of the pylorus, as indicated by traditional 
sonographic measurements, did not change clearly 
in the early period after pyloromyotomy. The values 
of pyloric length, muscle thickness, and diameter 
were still within the range considered diagnostic of 
IHPS at 3 days after the operation. By the time of 
discharge, the mean values of muscle thickness 
and diameter were within the normal range but, 
even then, the differences from the preoperative 
values, as analyzed by paired t-tests, were not 
statistically significant, a finding similar to those of 
other investigators. In a prospective study evaluat-
ing the ultrasonographic outcome of patients with 
IHPS after pyloromyotomy, the muscle thickness 
began to decrease at the end of the first postop-
erative week and was normal by 3 months in the ma-
jority of cases.15 However, the pyloric length and 
diameter had not returned to normal even 6 months 
postoperatively. Yoshizawa et al reported a transient 
increase in muscle thickness within a few days after 
pyloromyotomy, but it then gradually decreased, 
reaching the normal range by 5 months.11
Lowe et al used a definition of pyloric ratio, 
that is, the pyloric wall thickness to diameter. By 
their definition, a ratio of 0.27 or more had high 
sensitivity and specificity (96% and 94%, respectively) 
for the diagnosis of pyloric stenosis.14 In our study, 
Lowe’s pyloric ratio did not change significantly 
between before and after the operation (0.32 at di-
agnosis, 0.29 on postoperative day 1 and 0.29 on the 
day of discharge, when all patients were symptom-
free). In our study, we used an alternative ratio which 
was defined as the ratio of the intermuscular 
space, instead of the pyloric wall thickness, to the 
pyloric diameter. The intermuscular space consists 
of the edematous mucosa and the lumen of the py-
loric canal. An increased APR was more clearly as-
sociated with improved symptoms in our patients. 
There was a dramatic clinical improvement, which 
was accompanied by visible smooth passing of fluid 
through the pyloric canal in the dynamic sonographic 
examination on the first day after surgery. Before 
surgery, the stomach was distended and milk could 
barely pass through the narrowed pyloric canal. How-
ever, immediately after surgery, there was good flow 
through the pylorus, even though the muscle still 
appeared to be hypertrophied. Although we could 
not demonstrate a statistically significant change 
in the intermuscular space, perhaps because of the 
small number of patients in our series, we did see 
markedly improved milk flow. Because the area of 
a circle is proportional to the square of the diam-
eter, even a slight increase in the linear dimension 
has a substantial influence on the area of the cross 
section. This likely explains the significant improve-
ment in the APR.
Table 1 Changes in sonographic measures of pyloric dimensions before and after pyloromyotomy
 Preoperative 
Postoperative Postoperative duration
   Day 1 Day 2 Day 3 (mean: 4.8 ± 2.4 days)
PL 21.7 ± 2.8 22.0 ± 1.3 20.9 ± 1.9 20.5 ± 3.4 18.7 ± 4.4
MT 5.2 ± 0.5 4.6 ± 1.2 4.2 ± 0.6* 3.9 ± 1.1* 3.7 ± 0.5*
IM 4.8 ± 0.8 6.3 ± 2.8 6.2 ± 1.5 7.0 ± 2.1 7.3 ± 2.1
PD 16.1 ± 2.0 15.3 ± 2.1 14.0 ± 1.9 14.7 ± 1.0* 13.4 ± 2.3
Lowe PR 0.32 ± 0.07 0.29 ± 0.05 0.29 ± 0.07 0.28 ± 0.06 0.29 ± 0.03
All dimensions are reported in mm. *Significantly different to the preoperative value (p < 0.05). Lowe PR = Lowe’s pyloric ratio; 
IM = intermuscular space; MT = muscle thickness; PD = pyloric diameter; PL = pyloric length.
Table 2 Changes in the alternative pyloric ratio before and after pyloromyotomy
 Preoperative 
Postoperative
  Day 1 Day 2 Day 3
APR 0.11 ± 0.07 0.21 ± 0.12 0.24 ± 0.09 0.27 ± 0.12
p-value  0.082 0.02* 0.012*
*Significantly different to the preoperative value (p < 0.05). APR = alternative pyloric ratio (pyloric intermuscular space/pyloric 
diameter).
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We suggest that calculating the intermuscular 
space-to-diameter ratio rather than the wall 
thickness-to-diameter ratio offers a reliable param-
eter to determine the regression of pyloric stenosis 
after pyloromyotomy. Our study, of course, involves 
too few patients to allow accurate assessment of 
the operating characteristics of this ratio for the 
purposes of diagnosis. This would require a larger 
study, including two groups of patients, one in which 
the appropriate cutoff point would be derived and 
another group in which the criteria could be vali-
dated. Another limitation of our study was the short 
duration of follow-up compared with those of other 
studies. However, this is not very clinically impor-
tant because the infants in our study all showed 
prompt resolution of their symptoms.
Despite the relatively high frequency of IHPS, 
its etiology remains unclear. The pyloric sphincter 
is a thick band of muscle that separates the stom-
ach from the duodenum.16 A hypertrophic pyloric 
muscle has abnormal amounts of extracellular ma-
trix proteins; these may be responsible for the char-
acteristically firm nature of the pyloric olive in 
IHPS, and contribute to the uncoordinated contrac-
tion and relaxation of the pylorus.17,18 In pyloro-
myotomy, the thick band of pyloric smooth muscle 
is disrupted, leading to an immediate decrease in 
the strength of the sphincter. This could explain the 
early postoperative increase in the size of the py-
loric intermuscular space despite the continued 
muscle hypertrophy. 
The previous sonographic measurements for 
diagnosing IHPS do not seem to reflect the obstruc-
tion of milk flow through the pyloric canal. Pyloric 
muscle hypertrophy, as indicated by these mea-
surements, does not resolve immediately after sur-
gery, but there is prompt improvement in the flow 
of milk through the canal.19 This raises the question 
as to whether a better diagnostic criterion might be 
the pyloric ratio, as calculated here (i.e. the APR). 
It is unclear, based on our study and similar inves-
tigations, whether serial sonography after surgery is 
routinely necessary in infants operated on for IHPS. 
However, in the minority of cases in which pyloro-
myotomy is unsuccessful, follow-up sonography will 
undoubtedly be used to assess the anatomy. For that 
reason, studies such as ours are important to es-
tablish the normal course of resolution of pyloric 
hypertrophy after successful surgery. Furthermore, 
in infants in whom surgery fails to correct the ob-
struction, we recommend careful measurement of 
the intermuscular space of the pyloric canal, be-
cause it appears to be more important than pyloric 
length or overall diameter. 
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